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ABSTRACT

Genetic alterations of the short arm of chromosome 11 are a frequent event in the etiology
of cancer. Several childhood and adult tumors demonstrate LOH for 11p suggesting the
presence of one or more critical tumor suppressor gene(s) involved in several malignancies.
We have previously described two regions of frequent allelic loss on the short arm of
chromosome 11 in sporadic breast cancer that are likely‘ to harbor tumor suppressor genes.
The first interval is bordered by the markers D11S1318 on the telomeric side and -
D11S4088 on the centromeric side of chromosome 11p15.5. A second, critical region of
LOH spans the markers D11S1338-D11S1323 at 11p15.5-p15.4. There is a striking
correlation between the loss of the two 11p loci and the clinical and histopathological
features of breast tumors suggesting that the target genes may contribute to tumor
progression and metastasis in breast cancer. Using a combination of EST mapping and
gene prediction methods like GRAIL and PowerBlast, we have established transcript maps
of LOH regions 1 and 2. We have‘identiﬁed nine novel Unigenes in region 1 and are
assessing these genes as candidate tumor suppressors by Northern analysis of normal
tissue, normal/tumor breast tissue and breast cancer cell lines. In addition, we are
screening tumor samples for mutations by SSCP. We have cloned and characterized a
novel gene, HET (Human Efflux Transporter), that is widely expressed in adult and fetal
tissues and has homology to known drug-efflux pumps and multi-drug resistance proteins
in bacteria. Most fetal tissues show monoallelic expression, suggesting that HET is
imprinted. Thus, dosage regulation of the efflux transporter might control fetal growth and
| altered imprinting could potentially contribute to pathogenesis. Several other novel genes

are of particular interest and are currently being assessed as putative tumor suppressors.
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INTRODUCTION

Breast cancer is both genetically and clinically a heterogeneous and progressive
disease. The severity of disease may be determined by the accumulation of alterations in
multiple genes that regulate cell growth and proliferation. The inactivation of tumor-
suppressor genes, by a 2-hit mechanism involving mutations and loss of heterozygosity
(LOH), appears to be a common event in the genetic evolution of breast carcinomas (1).
Several chromosome arms, including 1p, 1q, 3p, 11p, 11q, 13q, 16q, 17p, 17q and 18q
have been reported to show moderate (20-40%) to high (>50%) frequencies of LOH in
breast tumors (1). This implies that multiple tumor suppressor genes are likely involved in
the development and progression of breast cancer.

Genetic alterations at the short arm of chromosome 11 are a frequent event in the
etiology of cancer (2-16). Several childhood tumors demonstrate LOH for 11p including
rhabdomyosarcoma (7), adrenocortical carcinoma (8), hepatoblastoma (9), mesoblastic
nephroma (10) and Wilms’ tumors (11). Recurrent LOH at 11p is also observed in adult
tumors including bladder (12), ovarian (13), lung carcinomas (14), testicular cancers (15),
hepatocellular carcinomas (16) and breast carcinomas (2-6) suggesting the presence of one
or more critical tumor suppressor gene(s) involved in several malignancies.

Birch et. al. (17) have reported an increased risk for breast cancer among mothers
of children with embryonal rhabdomyosarcoma, providing genetic evidence for the
apparent high-risk association between these two tumor types. The familial association
between breast cancer and rhabdomyosarcoma and the other childhood tumors may well be
the consequence of alterations in chromosome 11p15. The ability of a tumor suppressor
gene(s) on chromosome 11 to re-establish control on the malignant phenotype has been
demonstrated by transfer of a normal human chromosome 11 to the breast cancer cell line
MDA-MB-435 (18). However, positional cloning efforts to identify the target genes on
11p15 have been complicated by the large size of this region (~10 Mb) and complexity of
LOH at 11pl5.
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BODY

A. Results and Discussion:

We have recently identified and fine-mapped two distinct regions on chromosome
11p15.5 that are subject to LOH in breast (19) and Wilms tumors (20). The telomeric
region extends between the markers D11S1318 and D11S1288 and the more centromeric
region extends between the markers D11S1338 and D11S1323. LOH analysis of 94
matched normal and breast tumor samples using 17 polymorphic markers that map to
11p15.5-15.4 has enabled us to precisely define the location of a breast tumor suppressor
gene between the markers D11S1318-D11S4088 (~460 kb) within 11p15.5. LOH at this
region occurred in ~35-45% of breast tumors analyzed.

In addition, we have ﬁne-niappcd a second, critical region of LOH that spans the
markers D11S1338-D11S1323 (~336 kb) at 11p15.5-p15.4, that is lost in ~ 55-60% of
breast tumors. There is a striking correlation between the loss of the two 11p loci and the
clinical kand histopathological features of breast tumors. LOH at region 1 correlated
signiﬁcantly (p = 0.016) with early events in malignancy and invasivenesé. In contrast, the
loss of the more proximal région 2, is highly predictive (p = 0.012) of aggressive
metéstatic disease. Thus, two distinct tumor suppreséor loci on chromosome 11p15 may
contribute to tumor progression and metastasis in breast cancer. The fine mapping of this
intriguing chrornosonial region should facilitate the cloning of the target genes and provide
critical clues to understanding the mechanisms that contribute to the evolution of adult and
childhood cancers. The characterization of novel genes that map to this region should
provide evidence for or against their involvement in tumor development and enhance our
understanding of the role this chromosomal region plays in tumorigenesis. The
construction of a detailed transcription map of the 11p15 LOH regions is an essential step
toward the identification of specific genes important to the etiology of several childhood

and adult tumors including breast cancer.
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Al. Transcript map of LOH Region 1:

The LOH region 1 spans a distance of ~ 460 kb between the markers D11S1318
and D11S4088. The large-scale genomic sequencing of chromosome 11p15 has been an
ongoing effort as part of the Human Genome Project (http://mcdermott.swmed.edu). The
PAC, BAC and P1 clones that overlap the D11S1318-D115S4088 LOH region
(pDJ1075F20, pDJ915f1, pDJ608B4, BAC70i6 and PAC 74k15 -See Figure 1) have been
sequenced. We have used GRAIL (21) and PowerBlast (22) on the genomic sequences to
establish a transcript map of the proposed critical region between the markers D11S4088
and D11S1318 (Figure 1) This approach has allowed the identification of three known
genes that were previously mapped to this region (ASCL2, TAPAI and KVLQTI).

PowerBlast identified several additional ESTs that did not correspond to any known
previously identified genes (Figure 1). EST clusters that overlapped apparently transcribed '
Alu or L1 repeat sequences were also identified. The EST’s were queried against the
Unigene database to identify homologous gene sequences. Using this approach, nine
predominant EST clusters were identified in LOH region 1 (Fig. 1). Such EST clusters can
represent novel transcripts, often referred to as “Unigenes” (23). Unigene cluster 1
mapped between the TH and the ASCL2 genes and contained ESTs expressed in breast,
kidney and fetal tissues. Unigene clusters 2 and 3 mapped between the D11S1318 marker
and the TAPA1 gene. While the unigene cluster 3 contained ESTs expressed only in fetal
tissues, unigene cluster 2 contained ESTs expressed in breast, kidney, lung and fetal
tissues. Five novel unigene clusters were identified between the TAPA1 and the KVLQT1
genes. As described in Fig.1, these clusters contained ESTs expressed in tissues like
breast, kidney and skeletal musclé. This is significant because tumors that arise in these
tissues show a high frequency of LOH at 11p15.5. A single unigene cluster was identified
between the KVLQT1 gene and D1154088 marker. This cluster was also expressed in all

important tissues. Figure 2shows the multiple tissue Northern blots hybridized to a
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representative CDNA clone from several different Unigene clusters. With the goal of
identifying the target tumor suppressor gene, we are currently determining the expression
patterns of these ESTs and performing mutation analysis by PCR-SSCP in normal breast

and corresponding tumor tissues.

A2. Monoallelic expression of the gene encoding a Human Efflux
Transporter like protein (HET), on chromosome 11pl5.5:

“In our continuing efforts to identify the candidate tumor suppressor genes on chromosome
11p15.5, we have cloned and characterized a novel géne, HET (Human Efflux
Transporter), that is widely expressed in adult and fetal tissues. HET is located ~ 3 kb
télomerié to IPL and ~16 kb centromeric to pS7KIP2. The 1.5 kb transcript encodes a
predicted protein of 408 amino acids with a molecular weight ~ 43 kDa. We have defined
the intron-exon structure of HET and characterized a number of splicing variants of HET
mRNA that could give rise to sequence diversity in the protein. The secondary structure of
the HET protein displays ten putative helical transmembrane domains, a structural feature
shared by all members of integral membrane transporter proteins. Furthermore, the
homology to known drug-efflux pumps in bacteria raise the possibility that this gene may
play a role in organic solute transport or drug elimination. - Most fetal tissues show
monoallelic expression, suggesting that HET is iniprinted. Thus, dosage regulation of the
efflux transporter might control fetal growth, and altered imprinting could potentially

contribute to tumorigenesis.

A2a. Cloning and Characterization of the HET gene:
The unigene cluster proximal to the KVLQT1 gene (Fig. 1) contains 14 overlapping ESTs.
One of the ESTs from this cluster was used to screen a fetal kidney c¢cDNA library
(Clontech), and several clones ranging in size from 600 kb to 1.5 kb were isolated and

sequenced. The 1.5 kb cDNA clone was found to contain an open reading frame, with a
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putative initiator methionine at position 243, and an inframe downstream stop signal,
encoding a 408 amino acid polypeptide having a calculated relative molecular weight of
approximately 43 kDa (Figure 3B). A distal inframe ATG, which is in a poorer initiation
context is also present at position 195. The 3’- untranslated region contains the
hexanucleotide 5’- AATAAA-3’, in the expected position, 23 nucleotides downstream
from the termination codon. The novel gene maps ~ 3 kb distal to JPL and ~16 kb
proximal to p5S7KIP2 (Figure 3A). The predicted protein harbors similarities and has ~21-
23% homology to the bacterial energy dependent efflux pumps that transport a variety of
toxic substances out of the cell (23,24). A common feature of all these proteins is that they
are integral membrane proteins with multiple trans-membrane domains.

The overall deduced HET protein is very hydrophobic. The hydrophobicity profile
of HET (Figure 4) according to the Kyte-Dolittle algoritm (26) shows the presence of ten
strong trans-membrane helices with the N- and C- termini facing the cytoplasmic side. The
protein contains thirteen potential N-myristoylation sites and one putative prenylation site.
Furthermore, there are two potential protein kinase C and three casein kinase II
phosphorylation sites.

The tissue specific expression of HET was determined by Northern blot
hybridization using a full-length cDNA probe at high stringency. The results of the
hybridization (Figure 5), revealed two primary transcripts of 4.4 kb and 1.5 kb in most
human tissues. The 4.4 kb or 1.5 kb transcripts, alone or together, were expressed in
different human cancer cell lines (Figure 5) from promyelocytic leﬁkemia, (HL-60),
lymphoblastic lenkemia (MOLT-4), Burkitt lymphoma (Raji), lung carcinoma (A549), and

chronic myelogeneous leukemia (K-562).

10
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A2b. Characterization and expression of alternatively spliced variants of
HET:

Alignment of the cDNA sequence of HET with the genomic sequence for the region
of chromosome 11p15.5 contajning‘ HET (244 kb contig; accession n0.U90582) allowed
the position of intron/exon boundaries to be predicted. The HET gene spans approximately
25 kb, and the open reading frame is contained in 11 exons (Figure 6a), with the direction
of transcription being from telomere to centromere. The intron sizes range from 220
(intron 4) to 6908 bp (intron 5) (Table 1). All exon/intron splice junctions conform to the
eukaryotic 5* donor 3’ acceptor consensus splice junction GT/AG rule (27). Junctions at
introns 2, 8 and 9 are type 0 (splicing occurring between codons), junctions at introns 4, 6,
7 and 10 are type 1 (splicing occurring after the first base of the codon), and the junction
for introns 3 and 5 are type 2 (splicing occurring after the second base of the codon). The
full length clone of 1.5 kb, represented as isoform 1 contains exons 1 through 11, with the
ATG start codon in exon 2 and a TGA stop codon in exon 11 (Figure 6a). Three additional
cDNA clones isolated from a kidney cDNA library were sequenced and found to be
isoforms of HET. Isoform 2 lacks exon 1 and contains a new exon at the 5’end designated
as exon la, indicating alternate splicing at the 5’end of HET. The 1.5 kb ¢cDNA clone for
isoform 2 contains the same open reading frame as isoform 1.

Two additional alternatively spliced cDNAs, designated isoforms 3 and 4
(Figure 6a) contain new exons that introduce stop codons into the HET sequence,
suggesting that isoforms 3 and 4 represent untranslated transcripts. The 1.2 kb cDNA
clone for Isoform 3 contains a new exon Sa, between exons 5 and 6, and lacks exons 1
through 5. The Isoform 4 cDNA clone (900 bp), contains a new exon 6a, between exons
6 and 7, and lacks exons 1 through 6. -Figure 6b shows the sequence of the novel exons
1a, 5a and 6a. All the isoforms contain exons 7 through 11, a polyadenylation signal and

poly (A) tails at their 3’ ends. However, the 5° ends of the isoforms are different because

11
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of different exons that are utilized, suggesting alternative splicing of HET. We have not
excluded the presence of additional 5° exons in isoforms 3 and 4, but an attempt at 5°
extension by PCR of total adapter-ligated kidney cDNAs (5’ RACE) did not yield clones
extending beyond exons 5a and 6a in the two alternatively spliced isoforms.

Because HET exhibits complex alternative splicing, we sought to determine
whether any isoforms show tissue-specific expression. Figure 6c shows the expression
pattern of the four isoforms in different human tissues as determined by RT-PCR. Isoform
1 is expressed in all tissues tested , while isoform 2 is expressed only in bone marrow and

fetal kidney. Isoforms 3 and 4 are expressed at much lower levels in the fetal kidney.

A2c. Identification of a transcribed polymorphism and monoallelic
expression of HET:

Single strand conformational analysis (SSCA) (28) of the human HET gene
revealed é transcribed polymorphism in exon 2. Figure 7a shows the location of the
polymporphism and the primers used for the SSCA analysis. Using the expressed
polymorphism, we investigated LOH at this locus in informative breast and Wilms tumors.
LOH was observed in 4/10 breast tumors (data not shown) and 3/10 Wilms tumors.
Figure 7b shows the SSCA pattern of exon 2 amplified from paired normal/tumor samples
from four different Wilms tumor patients. Sample 1 is homozygous, while the remaining
three samples are heterozygous with the tumors showing loss of heterozygosity (LOH).
LOH was confirmed using flanking microsatellite markers D11S1288 and D11S4088,
which are located centromeric and telomeric to HET, respectively (data not shown). The
presence of only one allele in the DNA of the tumor confirmed that the two bands observed
on SSCA-PCR of normal tissue correspond to the two alleles of the gene. .

SSCA of samples shown in Figure 7b along with other samples analyzed (data not
shown), revealed the presence of five variant alleles. The sequence of the polymorphism

was confirmed by direct sequencing (Figure 7c), which revealed heterozygosity in the

12
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normal DNA of sample 45 and monoallelic representation in 45T that shows LOH. The

human HET polymorphisms are G—A or A—G transitions at nucleotide positions 207

and 226 respectively. These polymorphisms reside outside of the potential ORF at position
243, The five variant alleles are produced by different combinations of these two

polymorphisms. Both polymorphisms are easily detected by RT-PCR SSCP.

Parallel genomic and cDNA PCR (RT-PCR) of exon 2, followed by SSCA
analysis revealed heterozygosity in two of the five fetuses (Figure 8). Comparison of the
SSCA band patterns of genomic and cDNA PCR products (Figure 8a and 8b) suggested
monoallelic expression of HET with one individual showing only the ‘upper’ allele/SSCA
conformer in the cDNA lane and thé other expressing only the ‘lower’ allele/SSCA
conformer. In cases where more than one tissue was available, all tissues showed the same
allelic expression bias, an observation that is consistent with imprinting. We are currently
investigating the parental origin of the functionally imprinted HET allele and its variant
isoforms. The HET gene maps within the imprinted cluster of five human genes, on the
chromosomal band 11p15.5, in the order cen-IPL-HET-p57KIP2-KVLQT1-1GF2-H19-

tel.

A2d. Mutation analysis of the HET gene:

The map location of HET makes it a potential tumor suppressor candidate gene. To
assess whether HET contributes to breast cancer or Wilms tumor, we analyzed DNA from
40 breast tumors and 35 Wilms tumors using SSCA ahalysis on the predictive profein
coding exons of the HET gene and its isoforms. Mutations were not detected since SSCA
shifts were observed both in normal ahd tumor DNAs and therefore represent sequence
polymorphisms. The focus of our current sfudies is to determine if alterations in imprinting

of HET could contribute to tumorigenesis.

13
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A3. TRANSCRIPT MAP OF LOH REGION 2:

A3a. Genomic Contig:

The LOH region 2 extends between the markers D1151338-D11S1323 on chromosomal
band 11p15.4-p15.4. Since the genomic sequence of this region has not yet been
determined, we established a genomic contig across this region (Figure 9). The YAC
contig (clones 847a12 and 696H10) was generated with CEPH maga-YACs obtained from
CEPG-Genethon and MIT databases. The BAC 1323 clone was screened from a human
bacterial artificial chromosome (BAC) library release III obtained from Research Genetics.
The PAC clone (PACILK) was isolated from a PAD10SacBII library (29). The cosmids
14109, 173¢9 and 49h3 were identified by colony hybridization of a human cosmid library
prepared from normal lymphocyte DNA.

A3b. EST mapping:

The development of expressed sequence tags (ESTs) has greatly facilitated the
generation of a human gene transcript map (23). ESTs, short stretches of sequences
generated from cDNA clones, can be easily converted to a PCR format and assigned
chromosome locations wusing genomic contigs. We tested 96 ESTs derived from
unidentified transcripts mapped to region 1 1p15.5-p15.3 within an interval defined by loci
D11S909 at the centromeric side and D11S1318 at the telomeric side (23). As shown in
Figure 9, sixteen of the 96 ESTs mapped to our genomic contig that spans ~ IMb. The
smallest common deleted region (SCDR) as determined from our LOH studies extends
between the markers D11S1338 and D11S1323 (19), a distance of ~ 336 kb as determined
from this contig.

To search for homologies, a BLAST search of the mapped ESTs against non-

redundant sequences in Genbank was carried out. Of the 16 ESTs that map to our contig,

14
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Figure 9 and Table 2), SGC30555 has strong homology to the 60S ribosomal protein 121
and SGC33125 has strong homology to the 50S ribosomal protéin L17. The EST
SGC35504 was identified as the inteferon inducible gene Staf 50 (30) and WI6973 was
identified as the sphingomyelin phosphodiesterase gene SMPDI1. = The nucleotide
sequences of the remaining 12 ESTs revealed no homology with any known gene.

In addition to the 16 ESTs, we have mapped two previously identified genes
namely Integrin -linked kinase (p59ILK) (31) and the gene encoding the human TBP-
Associated Factor IT 30 (TAF,;30) (32) to our genomic contig. p59ILK was previously
mapped to the CALC-HBBC region on chromosome 11p15 (31). We have refined the map
location of p5S9ILK and TAF;30 placed it on a yeast artificial chromosome (YAC) 847a12
that is 1440 kb and contains the markers D1151338 and D11S1323. PCR amplification of
DNA from the YAC 847a12 with several different pS9ILK and TAF, 30 primers produced
the expected length fragments (Figure 10). No PCR products were seen from the BAC
DNA specific for the marker D11S1323 or from yeast DNA. ILK is a serine threonine
protein kinase that is thought to be involved in signal transduction by 81 family integrins.
ILK has been shown to induce anchorage-independent growth in a rat epithelial cell line
(31). This data combined with our observation of a strong correlation between LOH in
region 2 and metastatic phénotype of breast tumors (19), makes ILK a very Strong
candidate tumor suppressor gene for LOH region 2. TAFs are involved in transcriptional
initiation and activation, and it remains to be determined whether TAF; 30 dysfunction
could be involved in tumorigenesis ..

The refined subchromosomal EST and gene mapping contributed by the present
work provide valuable candidate genes that should facilitate the identification of the target

gene in this region.
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B. Materials and Methods:
Bl. Molecular cloning and Sequence Analysis:

The genomic sequence of the 244 kb contig from human chromosome 11p15.5
spanning D11S1 through D11S25 (GenBank accession n0.U90582) was generated at the
McDermott Center at the University of Southwestern (http://mcdermott.swmed.edu).
Genomic DNA was assessed for coding potential using the client program PowerBLAST.
PowerBlast software was obtained from the National Center for Biotechnology information
(ftp:ncbi.nlm.nih.goved pub/sim2/PowerBlast). Database and sequence analyses were
performed using a network version of GRAIL (http://avalon.emp.ornl.gov/GRAIL-
bin/emptygrailform) and BLAST network service from the National Center for

Biotechnology Information. Transmembrane alpha helix prediction was performed using
the Protean program from the DNASTAR™" software package. A combined strategy of

EST database searches and direct screening of a fetal kidney ¢cDNA library (Clontech,
PaloAlto, CA) was used to obtain the human HET cDNA sequence and its various
isoforms. Plasmid DNA was sequenced with vector or insert specific primers (see below),
fluorescence-tagged dinucleotides, and the TAQ cycle sequencing procedure (ABI). PCR
products were purified with Micron-100 microconcentrators (Amicon).  Sequencing
reactions were analyzed on an ABI DNA sequencer 373A. The LM.A.G.E Consortium
(LLNL) cDNA clone AA573743 (http://www-bio.llnl.gov/bbrp/image/image.html/) was
purchased from Research Genetics. Tissue-specific expression was analyzed using

multiple tissue Northern blots (Clontech) following standard methods (33).

B2. PCR, RT-PCR and SSCP analysis:
DNA was extracted from the tissues as previously described (34). Total RNA was
prepared by extracted with Trizol-reagent (GIBCO-BRL) and in some cases subjected to

mRNA enrichment by oligo-dT chromatography. The HET sequence polymorphism was

16
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detected by PCR with the two intronic primers A6 and B6 (A6 5'-
GATCAACTGGACTTTTGCCC-3’,_B6:5’GGAGAACTGCATGAAGAGGC-3’) (Figure
7). Cycling conditions were an initial denaturation for 5 min at 95 °C followed by 30
cycles of annealing at 60° C for 1 min, extension at 72 ° C for 1 min and denaturation at 95
°C for 1 min, and a final extension at 72 °C for 5 min. RT-PCR was performed on total
RNA or poly (A) RNA isolated from the tissues of heterozygous individuals. ¢cDNA was
synthesized from approximately 1jtg of total RNA or 200 ngs of poly (A) RNA using Mulv
reverse transcriptase (Perkin Elmer). PCR reactions containéd 0.5 pM primers IP1 and
IP2. (IP1: 5 CAGTGACTCAGCACCCCTG3’;

IP2: ’GAAGTTGGTTTGCAGGTAGC3’), 0.2mM dNTP, 50ng cDNA, 1X PCR buffer,

1uCi[o-?P] dATP, and 0.5U Taq DNA polymerase (BRL) in 25u] and were performed

with an Ericomp thermocycler as follows: 30 cycles of 94°C for 1min, 60°C for Imin and
72°C for 1min, followed by primer extension at 72°C for 10 min. For SSCA analysis, the
PCR products were denatured at 94°C for 4 min. and analyzed by 6% polyacrylamide gel
electrophoresis at 8W at room temperature ovémight as described earlier (28). Tissue
specific expression of the various isoforms was determined by RTk—PCR with altérnate
exon-specific primers and analyzed by ethidium bromide stained agarose gelé. The primers
used to identify the different isoforms were as follows: Isoform 1 (primers IP1 and IP2),
isoform 2 | (GL5-5TCACGTCCTGTCATTCTTGC3’ , and GL6-
5’GTGGTGTACAGCGTTCCTGA3"), isoform 3 (GL1:
5’CTGGCATTTTCCCAAAGGAA3’; and GL2: 5’CAGAGCAAGGAGGGGACTTG3’)
~ isoform 4 (GL3: 5’ TGCGTAGAAGTGTGCTGAGG3’; GLA4:
5’AACATGACCATGAAGAGCCC3’).

17
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B3. EST Primers:

Oligonucleotide primers were obtained from Research Genetics (Huntsville, Ala.).
ESTs were chosen on the basis of their mapping on he human genome. Information was
obtained  from the world wide web page for chromosome 11 found at
www.ncbi.nlm.nih.gov/SCIENCE96/. Polymerase chain reactions were carried out using
50 ngs of YAC, BAC, PAC or cosmid DNA at the following conditions: 35 cycles of a

denaturation step at 94°C 15s and extension step at 72°C 30s.

B4. Patient Materials and Preparation of Genomic DNA :

Primary tumor and adjacent normal breast tissue samples were obtained from 94
randomly selected breast cancer patients undergoing mastectomy at the Cleveland Clinic
Foundation (CCF). Samples of these tumors and corresponding noninvolved tissue from
each patient were collected at the time of surgery, snap-frozen, and transferred to -80°C. An
initial cryostat section was stained with H and E stain to determine the proportion of
contaminating normal tissue and only DNA purified frdm specimens thought to be highly
enriched in tumor tissue was used for PCR. Generally we use tumor samples that contain
less than 40% contamination of normal cells. Genomic DNA was isolated from normal and
tumor tissue samples as described earlier and quantitated by determining the optical

densities at 260 and 280 nm.

CONCLUSIONS

Genetic loci responsible for human diseases and malignancies are constantly being
assigned to chromosome regions using a variety of methods including linkage analysis,
associations with chromosome rearrangements and loss of heterozygosity studies (LOH).

Once their chromosomal localization has been established, it is then usually necessary to

18
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refine the the localization to isolate it. In many cases this involves tﬁe construction of
contiguous arrays (contigs) of overlapping DNA clones. Despite recent advances in
methodology for isolating transcribed sequences from these contigs, this is still a very time-
consuming and complicated process. The large scale sequencing of human chromosomes
as part of the Human Genome Project, has greatly facilitated the identification of
transcribed sequences using computer-based techniques like GRAIL and POWERBLAST.
We find that PowerBlast analysis of dbEST is the most useful single tool to apply to the
genomic sequence for identifying novel genes. Using this approach we have discovered a
new gene and confirmed that it is expressed in a wide range of tissues by RT-PCR and
Northern blot analysis. The gene designated as Human Efflux transporter (HET), encodes
apredicted protein of 408 amino acids with a M, of 43kDa, and maps ~ 3kb distal to the
IPL gene and ~ 16 kb proximal to the p57 KIP 2 gene. Blastp analySis of the predicted
HET protein identified several proteins belonging to the family of multi-drug efflux
transporters in bacteria .

An alternative approach to identifying the gene responsible for the phenotype is
through the evaluation of potential candidate genes that map to the same region of the
chromosome. The major problem with this approach at the moment is the paucity of genes
that have already been assigned mnot only to individual chromosomes but, more
importantly, to subregions of the chromosome . The recent publication of the transcript
map of the whole human genome (23) provides the framework to better define, with the
help of YAC contigs, the regions where the ESTs have been broadly defined. This
approach in turn provides a series of genic markers in which to search for candidates for a
variety of genetic disorders. ‘We have used successfully, both the above mentioned
approaches, to establish transcript maps of the two LOH regions on chromosome 11p15.

This should greatly speed the isolation of genes linked to the disease loci.
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RECOMMENDATIONS IN RELATION TO THE STATEMENT OF WORK
OUTLINED IN THE PROPOSAL:

We have completed Aims 1 and 2 of our Statement of Work described in the research
proposal. This work is currently being prepared for publication. The work is progressing

on schedule and meets our expectations.
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Figure Legends:

Figure 1.

Scheme of the transcription map of LOH region 1 between the markers D11S1318 -
D11S4088. Location of seven genes H19, IGF2, INS, TH, ASCL2, TAPAl and
KVLQT1 are shown. Novel unigene clusters (solid boxes) and ESTs (open boxes) and

their expression data are shown.

Figure 2.
Representative ESTs from the unigene clusters hybridized to Multiple Tissue Northern

Blots (Clontech) using standard techniques

Figure 3.

The HET gene. (A) Map location of polymorphic markers and some characterized genes
in the chromosome 11p15.5 imprinted region. (B) Sequence of the
human HET cDNA and predicted amino acidsequence. Start and stop codons and the

polyadenylation signal are underlined.

Figure 4.
Hydrophobicity pattern of the deduced aminoacid sequence of HET according to the

algorithm of Kyte and Doolittle, 1982. The horizontalscale shows the amino acid
numbers. Regions (indicated positive) containing the maximally hydrophobic amino acid

residues are numbered 1-X.
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Figure 5. ‘
Northern blot analysis of mRNA from human tissues and cancer cell lines with HET

cDNA probe. Constantly appearing hybridizing transcripts are approximately 4.4 kb and
1.5 kb; yet smaller transcripts are seen in some tissues. The cancer cell lines are

promyelocytic leukemia (HL-60), HeLa cells (S3), chronic myelogenous leukemia (K562),
lymphoblastic leukemia ( MOLT-4), Burkitt lymphoma (Raji), colorectal adenocarcinoma

(SW480), lung carcinoma (A549), and melanoma (G361).

Figure 6.

Exon-intron structure, and expression of the four isoforms of the HET gene.

A) Illustration of the four HET isoforms. Open boxes represent exons and lines indicate
introns. Genomic DNA is displayed with the telomeric side on the left, and cDNA

isoforms are displayed with the 5’ end on the left. B) ’The nucleotide sequences of the

novel exons 1a, 5a and 6a. Isoform 2 contains the same ORF as isoform 1. Exons 5a and
6a lack an initiation MET codon and introduce stop codons in the HET sequence. They
may represent untranslated transcripts. C) Tissue specific expression of the HET isoforms
1,2,3 and 4. Multiple human tissues were analyzed using RT-PCR with novel exon

specifié primers (see methods).
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Figure 7.

A. PCR strategy for assessing allele -specific expression of the human HET gene. Exons

are boxed and the nucleotide polymorphisms are indicated by asterisks. The intron specific

primers A6 and B6 were used to amplify the genomic DNA and the cDNA fragment

harboring the polymorphism was amplified with the primers IP1 and IP2. Primer

sequences are described in the text.

B. SSCA of exon 2 amplified (Primers A6 and B6) from matched normal (N)

and tumor (T) DNAs from four Wilms tumor patients. Sample 1 is homozygous, samples
26T 45T sand 35T show loss of heterozygosity. Arrows indicate the five variant alleles
generated by the two polymorphisms.

C. Electropherograms of direct fluorescence sequencing of genomic DNA PCR products
from samples 45N and 45T. The normal DNA shows A and G at the positions indicated,

while the tumor DNA shows either an A ora G.

Figure 8.
RT-PCR analysis of expression of HET from fetal tissue samples. mRNA

isolated from heterozygous fetal tissues were analyzed by RT-PCR as described in
the text. Each set, A and B, includes PCR of genomic DNA isolated from fetal

tissues, along with RT-PCRs of RNA from the indicated tissues.

Figure 9.
Graphic illustration of mapping results of LOH region 2 that spans the markers D1151338-
D11S1323. The map of chromosome 11p15 with the two LOH regions are shown. The
Genomic contig across LOH region 2 and the ESTs and genes that mapped to this contig

are indicated.
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Figure 10.
Mapping of integrin -linked kinase (ILK), human TBP-associated factorIl 30 (TAFII30)

and a novel protease -like gene to the genomic contig of region 2 are shown. PCR
reactions were performed withYAC847a12, YAC696H10, BAC1323 and PACILK as
template DNA using primers specifically designed for these genes. Positive results are
seen with YAC847a12 and PACILK, but not with YAC696H10 and BAC1323. These

results enabled the mapping of these to LOH region 2 (shown in Fig. 9).
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Fig 1. Scheme of the transcriptional map of the region between loci D11S1318 and D11S4088. Location of
the seven genes H19, IGF2, INS, TH, ASCL2, TAPA1 and KVLQT1 are shown. The newly identified
unigene clusters Ml and transcripts ] and their expression data are indicated.

Specific expression: M in breast tissue, O in kidney, @ in lung, O in skeletal muscle, A in fetal tissue

and * in testis.
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Fig 10. Mapping of ILK, TAFII30 and Protease genes on PACILK
and YAC847al12. PCR reactions were performed on DNA templates
of YAC847a12, YAC696H10, BAC1323 and PACILK using primers

specifically designed for these genes. Positive results are seen in
YAC847al12 and PACILK, but not in Yac696H10 and BAC1323.
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Table 1

Splice Junction Sequences, Exon sizes, and
Estimated Intron Sizes of the HET Gene

et \O) OO

Exon Exon/Intron Junction
Position Donor Acceptor Intron Size
Sequences Sequences (kb)
1 -194to0-132 GGCAGgtactc ttgcagGCAAG 0.84
2 -131to143 TGCCAgtgagt tttcagTACCT 4.7
3  144t0242 GGCAGgtacag ceecagGTTCG 0.86
4 243 to 403 GCCAGgtaggt ccecagCCGCC 0.22
5 404 to 536 TACGGgtgagt ccgecagGATTC 6.908
6 537 to 655 GCCAGgtaage = tgecagGCGGC - 1.24
7 656 to 763 CACAGgtgagt cggetcagGGCTC 1.20
764 to 863 CAGATGgtgagt ctctagGTGAC 2.64
864 to 966 CCATGgtgagg gtcccagGCCTG 0.23
0 967t01087 CACAGgtgagt cceccagGGACC 2.39
1 1088 to 1336 .

41




Table 2

Mapping of 18 ESTs in the LOH region 2 between the markers
D11S1338 and D11S1323 on chromosome 11p15

Samples analyzed

ESTs Gene Product YAAC , YAC BAE Cosmid : PAC
4
SGC30535 60S ribosomal protein L.21 + - + - - +
SGC35504 Human staf50 + - - - - +
WI12713 KIAAQ409 + - - - - +
WI3891 + - - - - -
WI14280 Unidentified transcript + - - - - -
W15200 + - - - - -
SGC33125 308 ribosomal protein .17 + - - - - -
w13787 + - - - - -
Wii5442  Unidentified transcript + - - - - .
WI11771 Unidentified transcript + - - - - -
WI6R46 Unidentified transcript + - - + + -
WI6973 SMPDI1 + - - + + -
D11S1338 + + - - - -
D1181323 4 - + - - -
WI11689 Unidentified transcript + + - -
W115843 Unidentified transcript + - - +
TAFII30 .. TATA binding protein + - - +
- Protease Protease + . . +
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Chromosome 11p15 has attracted considerable attention
because of the biological importance of this region to
human disease. Apart from being an important tumor
suppressor locus showing loss of heterozygosity
(LOH) in several adult and childhood cancers, 11p15
has been shown by linkage analysis to harbor the
gene(s) for the Beckwith-Wiedemann syndrome.
Furthermore, the clustering of known imprinted genes
inthe 11p15.5 region suggests that the target gene may
also be imprinted. However, positional cloning efforts
to identify the target genes have been complicated by
the large size (-~10 Mb) and complexity of LOH at 11p15.
Here, we have analyzed 94 matched normal and breast
tumor samples using 17 polymorphic markers that map
to 11p15.5-15.4. We have defined precisely the location
of a breast tumor suppressor gene between the markers
D1151318 and D1154088 (~500 kb) within 11p15.5. LOH
at this region occurred in ~35-45% of breast tumors
analyzed. In addition, we have fine-mapped a second,
critical region of LOH, that spans the markers
D1151338-D1151323 (~336 kb) at 11p15.5-p15.4, that is
lost in ~55-60% of breast tumors. There is a striking
correlation between the loss of the two 11p loci and the
clinical and histopathological features of breast tumors.
LOH at region 1 correlated significantly (P = 0.016) with
early events in malignancy and invasiveness. In
contrast, the loss of the more proximal region 2, is
highly predictive (P = 0.012) of aggressive metastatic
disease. Thus, two distinct tumor suppressor loci on
chromosome 11p15 may contribute to tumor
progression and metastasis in breast cancer. The fine
mapping of this intriguing chromosomal region should
facilitate the cloning of the target genes and provide
critical clues to understanding the mechanisms that

-contribute to the evolution of adult and childhood

cancers.

INTRGDUCTION

Breast cancer is both genetically and clinically a heterogeneous
and progressive disease. The severity of disease may be
determined by the accumulation of alterations in multiple genes
that regulate cell growth and proliferation. The inactivation of
tumor suppressor genes, by a two-hit mechanism involving
mutations and loss of heterozygosity (LOH), appears to be a
common event in the genetic evolution of breast carcinomas (1).
Several chromosome arms, including 1p, 1q, 3p, 11p, 11q, 13q,
16q, 17p, 17q and 18q, have been reported to show moderate
(20-40%) 1o high (>50%) frequencies of LOH in breast tumors (1).
This implies that multiple tumor suppressor genes are likely to be
involved in the development and progression of breast cancer.

Genetic alterations at the short arm of chromosome 11 are a
frequent event in the etiology of cancer (2-17). Several childhood
tumors demonstrate LOH for 11p, including rhabdomyosarcoma
(7,8), adrenocortical carcinoma (9), hepatoblastoma (10),
mesoblastic nephroma (11) and Wilms® tumors (WT) (12).
Recurrent LOH at 11p is also observed in adult tumors including
bladder (13), ovarian (14), lung carcinomas (15), testicular
cancers (16), hepatocellular carcinomas (17) and breast carcinomas
(2-6), suggesting the presence of one or more critical tumor
suppressor gene(s) involved in several malignancies.

Birch et al. (18) have reported an increased risk of breast cancer
among mothers of children with embryonal rhabdomyosarcoma,
providing genetic evidence for the apparent high-risk association
between these two tumor types. The familial association between
breast cancer and rhabdomyosarcoma and the other childhood
tumors may well be the consequence of alterations in chromosome
11p15. The ability of a tumor suppressor gene(s) on chromosome
11 to re-establish contro! of the malignant phenotype has been
demonstrated by transfer of a normal human chromosome 11 to
the breast cancer cell line MDA-MB-435 (19). However,
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Figure 1. Representation of 11p15.5-15.4 and approximate location of the microsatellite repeats (21,22) and genes that map to this region [sequence map of chromosome
11 (http:/f medermott.swmed.edu/)). The histogram shows the percentage of LOH for each of the microsatellites in the informative breast tumor samples studied.

positional cloning efforts to identify the target genes off 11p15
have been complicated by the large size of this region (~10 Mb)
and the complexity of LOH at 11p!5.

With the goal of identifying the putative tumor suppressor
gene(s) on chromosome 11p15, we have refined the minimal
regions of LOH in this region, using a high-density marker
analysis of 94 informative primary breast tumors and paired
normal breast tissue. We have defined precisely and identified
two distinct regions of chromosome 11p15.5-p15.4 that frequently
are deleted in breast cancer. The association of LOH with clinical
and histological parameters reveals the biological role of the putative
tumor suppressor genes in the etiology of breast cancer.

RESULTS

Refinement of the tumor suppressor loci on chromosome
11p involved in breast cancer

Fluorescent PCR semi-automated genotyping (5) was used to
detect and analyze allelic losses on chromosome 11 using a panel
of 17 microsatellite markers. Previous studies have determined
that this technique is more rapid and sensitive compared with the
classical radioactive method in determining LOH in tumor DNAs
(20). To identify the smallest common deleted region on
chromosome 11p15 in breast tumors, 94 paired normal-tumor

DNAs were assessed for LOH at 17 chromosome 11p15-specific
microsatellite markers. These markers encompass the chromosomal
sub-regions 11p15.5-11p15.4, estimated to be ~8-10 Mb (21,22)
(Fig. 1). The results indicate that the loss of all or part of
chromosome 11p is a more common event in human breast cancer
than previously appreciated (3,4). LOH occurred in at least one
marker on the short arm of chromosome 11 in 56 of 94 (60%)
informative tumors. The overall frequency of LOH for each
marker varies from 16 to 60%, with two peaks seen at markers
D1151318(45%) and D1151338 (60%) (Fig. 1). In addition to the
23% LOH at the D115988 locus (Fig. 1), there was a high
incidence of microsatellite instability (MSI) at this marker as we
had described earlier (5). Therefore, the possibility that MSI
obscures the accurate determination of LOH at the D 175988 locus
in some of these tumors cannot be ruled out.

Tumors 57, 94, 6 and 24 (Genescans; Fig. 2) are illustrative
examples of LOH patterns seen on chromosome 11pl5 and
provide a critical description of the LOH regions. Interstitial
deletions, examples of which are seen in tumors 57, 94, 6 and 24,
were observed more commonly than Joss of the entire chromosomal
arm as seen in tumor 7 (Fig. 3). In some cases, an example of
which is seen at the marker D1/57997 in tumor 24 (Fig. 2), it was
observed that the peak for the allele which loses heterozygosity
does not change between normal and tumor tissues. Rather, the
peak for the other allele increases by several fold in the tumor.
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Figure 2. LOH studies of normal (N) and tumor (T) breast cancer pairs. Genescans of samples 57 (D1151318, D1154088, DI]S1288, D115988, D1151758 and
DIISI760),94 (TH, D1151318, D1154088, D115860, D115988 and D1151758), 6 (D115860, D11S988, D1181758, D11§1760, D11§51338 and D1151323) and 24
(D1151760, D1151338, D1151323, D1151997, D115866 and D1181331) are shown. Arrows represent allelic loss. LOH represents samples that exhibit loss of

heterozygosity and was calculated as described in the text.

Since the surrounding markers show LOH, we believe that this
allelic imbalance represents LOH and not gene amplification.
The genotypes of the 13 representative breast tumors described
in Figure 3, along with other tumors analyzed (data not shown),
serve to refine and identify two distinct regions of LOH on 11p15.
Region 1 is encompassed by markers D11§1318 and D1154088
and is defined by the LOH break points in tumors 57 and 94.
Tumor 57 retained heterozygosity for the markers DI1152071,
D1151984,D1181363,D11§922, TH and D11§1318, but showed
LOH for the markers D1154088, D1151288, D115860, D115988
and D11S1758. This tumor also retained heterozygosity for all the
remaining proximal markers. Tumor 94 showed LOH at markers
D1182071,D1151984, D118922, TH and D1151318. This tumor
was non-informative for the marker DI11S1363 and retained
heterozygosity at all the proximal markers. Tumors 94 and 57,
. therefore, refine the LOH region 1 to a distance of ~500 kb
between the markers D1ISE318 and DI11§S4088. This distance
was calculated based on the estimation of Reid e al. (23) and the

sequence map of chromosome 11 (http;/fmcdermott.swmed.edu/).

Importantly, these results narrow the region containing this tumor
suppressor gene from 2 Mb reported earlier (3,4) to ~500 kb.

Tumors 42, 57 and 94 are ‘examples of tumors that contain
interstitial deletions exclusively in region 1 (Fig. 3).

The more centromeric region of LOH (region 2) is defined by
breakpoints in the tumors 6 and 24 (Figures 2 and 3). Tumors 6,
24, 35, 45 and 76 are examples of tumors that harbor interstitial
deletions in region 2 (Fig. 3). Tumor 6 showed LOH for the
markers D115988, D11§1758, D11S1760 and D11S1338, but
retained heterozygosity at all the markers distal to 2115988 and
at all the markers proximal to DJISI338. Tumor 24 was
heterozygous for all the markers distal to D1151323 but showed

LOH at D1181323, D1181997, D118866 and D11S1331. 1t is

notable that tumors 6 and 24 exhibit LOH at either D1/S1338 or
D1181323, while the other locus retains heterozygosity. This
clearly indicates that region 2 is within the interval that spans the
markers D11S1338-D1151323, a distance of ~336 kb based on
the estimate of James et al. (22) and the sequence map of
chromosome 11 (hitp://medermott.swmed.edu/). The yeast artificial
chromosome (YAC) 847a12 that contains the markers D1151338,
DI1181323 and D11§1997 is ~1.4 Mb in length and is non-chimeric
(STS-based map of the human genome; hitp:// www-genome,
wi.mit.edu). We have identified integrin-linked kinase (p59/LK)
. /
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Figure 3. Genotypes of 13 representative tumors and the smallest regions of shared LOH in sporadic breast carcinoma. Tumor numbers are listed across the top, with
the markers analyzed to the left. Open circles represent informative samples with no LOH: filled circles represent informative samples with LOH; and stippled circles
represent non-informative (homozygous) samples. The maximum area of LOH is boxed for each LOH region in each tumor. The bars to the right represent the extent
of the proposed common regions of LOH (regions 1 and 2). Tumors that exhibit LOH at region 1 only, regions 1 and 2, and region 2 only are grouped together.

as a candidate gene for this Jocus. pS9ILK previously was mapped
to the CALC-HBBC region on chromosome 11p15 (24). We have
refined the map location of pS9/LK and placed it on the YAC
847al12. PCR amplification of DNA from the YAC 847al2 with
several different p59ILK primers produced the expected length
fragments. No products were seen from a BAC DNA specific for
the marker D1151323 or from yeast DNA (data not shown).

A total of five tumors, examples of which were seen in tumors 7,
20, 26, 30 and 34 (Fig. 3), appeared to have lost both of the regions
on the chromosome 11p arm. In tumor 7 (Fig. 3), 14 of the 17
markers analyzed showed LOH. This tamor was non-informative
for the markers D11§2071, D1151363 and D1151758. The
probability of three or more allelic losses in the same fragment
being caused by independent events is small, and a series of LOH
in contiguous markers is more likely to be due to deletion of the
entire segment. In most instances, however, LOH on 11p15
appeared to be interstitial (e.g. tumors 20, 26, 30 and 34) and,
therefore, restricted to relatively small chromosomal regions.

These data attest the presence of two distinct regions of LOH
within 11p15.5-15.4. Region 1 lies between markers D1/51318
and D1/54088 (~500 kb) and region 2 lies between markers
D]151338 and D1151323 (~336 kb). As described in Figure 3, the
two regions were lost in different tumors, although in some
tumors both of these regions appeared to be lost due either to
interstitial deletions or to the loss of the entire 11p arm.

Negrini et al. (4) previously have reported a third LOH region,
towards the telomere, between the markers D1/5576 and
D1i51318. The percentage LOH that we observe for the
telomeric markers D1152071, DI11S1984, D11S1363 and
D115922 (16-22%) is consistent with the observations of Negrini
et al. (4). However, the percentage LOH for these markers is well
within the background LOH seen at the remaining 11p markers
(Fig. 1). In addition, we did not identify tumors that showed LOH
exclusively in the telomeric markers D1152071-D115922. In our
tumor panel, LOH at the distal markers occurred in concert with
LOH at region 1. We therefore did not represent the distal region
as an independent and third region of LOH.

Correlation between loss of heterozygosity at 11p and
pathological features of breast tumors

Conflicting clinical data and clinical correlations of 11p LOH in
breast cancer exist in the literature. This study was initiated with
those concerns in mind, To examine the role of 11p LOH in breast
cancer and to determine if the two regions are involved
differentially in predicting the clinical course of this disease, we
correlated our LOH data with the various clinical and histological
parameters (Table 1).




Table 1. 11p LOH and clinico-pathological features of sporadic breast tumors

Clinica! features LOH in region | LOH inregion2  P-value
N % N %

Ductal

Yes 26 86.7 35 87.5 0.92

No 4 133 5 12.5

If ductal

In sitn and invasive 4 154 0 0.0 0.016*

Invasive 22 84.6 35 100.0

Lobular

Yes 4 133 5 125 0.92

No 26 86.7 35 87.5

If lobular ‘

In situ and invasive 1 250 0 0.0 0.24

Invasive 3 750 5 100.0

Ploidy

Diploid or near diploid 16 66.7 4 16.0 <0.0012

Aneuploid 8 333 21 84.0

% S-phase cells

<10% . 17 68.0 12 46.2 0.12

>10% 8 320 14 539

ER/PR status

ER+/PR+ 3 231 8 50.0 0.23

ER+/PR- 7 539 4 250

ER-/PR- 3 23.1 4 25.0

Grade

HI 10 333 9 26.5 0.16

1111 15 50.0 12 353

I 5 16.7 13 382

Lymphatic invasion

Yes 4 28.6 20 69.0 0.0122

No 10 714 9 310

aSratistically significant (P < 0.05).

All tumors described in Table 1 were infiltrating ductal
carcinomas, which account for the largest single category of
mammary carcinomas. The histological classification of the
tumors, described under clinical features, was based on the WHO
classification (25). Tumors were subdivided into two categories:
(i) tumors that had lost only region 1 and (ii) tumors that had lost
only region 2. Clinical features of breast tumors are summarized as
frequencies and percentages, separately for each region. The %2 test
was used to compare these features between regions 1 and 2. All

statistical tests were performed using a 5% level of significance.

A correlation was observed between LOH in region 1 and
breast tumors containing ductal carcinoma in situ (DCIS)
synchronous with invasive carcinoma. Fifteen percent (4/26) of
ductal tumors with LOH in region 1 contained breast cancer
tissues with synchronous DCIS and invasive carcinoma, while

Human Molecular Genetics, 1998.Vol. 7.No.5 899

none of the tumors with LOH in region 2 contained a DCIS
component (P = 0.016). DCIS of the breast is considered a
pre-invasive stage of breast cancer and may be a precursor of
infiltrating breast cancer (26). Although the number of tumors
analyzed is small, the statistically significant association between
LOH in region 1 and such tumors suggests the involvement of a
target gene in this region with early events in malignancy or
invasiveness. The statistical analysis showed a significant
association between 11p LOH and tumor ploidy. The majority of -
tumors (16/24) with region | LOH were either diploid or near
diploid (P < 0.001). In contrast, the majority of tumors with
region 2 LOH, were aneuploid (P < 0.001).

A trend was also observed between LOH at 11p and S-phase
fraction (SPF). Fifty four percent of tumors with LOH in region
2. had a high SPF (>10% of cells in S-phase), compared with only
32% tumors with LOH in region 1. However, due to the small
number of tumors in each category, statistical significance could
not be established. It has been suggested that abnormal ploidy or
elevated SPF identifies patients with shorter survival, and
worsened disease-free survival, as well as being associated with
poor outcome in locoregional control of the disease (27). The
association between LOH at region 2 and tumors with high SPF
and abnormal ploidy. that we observe, is therefore very relevant.

A striking correlation was observed between loss of region 2
and lymphatic invasion. Importantly, 69% of patients with 11p
LOH in region 2 showed lymphatic invasion, whereas this
infiltration was present in only 29% of patients with region 1 LOH.
Thus, tumors that had lost region 2 reveal a significantly higher
incidence of metastasis to a regional lymph node(s) (P = 0.012)
than tumors that had lost region 1. Tumors that had lost the entire
11p arm, or had lost both regions, showed the clinicopathological
features of tumors that had lost region 2. We also observed the
trend that LOH in region 2 occurs more frequently in higher grade
(grade ) tumors than LOH in region 1. Thus, LOH at region 2 may
be a late event in mammary tumorigenesis, potentially enabling
a clone of previously transformed cells to exhibit greater
biological aggressiveness.

DISCUSSION

We have identified two distinct regions on chromosome 11p15
that are subject to LOH during breast tumor progression and
metastasis. The high frequency of somatic loss of genetic
information and the striking clinical correlation observed suggest
their role in the pathogenesis of breast cancer.

We have defined precisely and narrowed the location of the

- putative tumor suppressor gene in region 1 from ~2 Mb (3,4) to

~500 kb. The critical region appears to extend between the
markers D11S1318 and D1154088 at 11p15.5. Previous studies
(3,4) had only been able to place the putative gene in the larger
overlapping area between TH and D/15988 (Fig. 4). Although
LOH frequencies for this region are consistent (24—45%, this
report; 35%, ref. 3 and 22%, ref. 4) , the peak incidence of LOH
in this report is highest at D1151318, ~1 Mb distal to the peak at
D115860 reported by Winquist et al. (3) and Negrini ez al. (4).
This discrepancy may reflect the characteristics of the tumor
samples analyzed or a difference in interpretation of the
corresponding allelic patterns. LOH involving region 1 coincides
with regions implicated in the pathogenesis of rhabdomyosarcoma
(7,8), WT (7), ovarian carcinoma (14), stomach adenocarcinoma
(28) and with a region conferring tumor suppressor activity
7
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Figure 4. Schematic representation of regions on chromosome 11p15.5~15.4
harboring potential rumor suppressor and/or disease loci described in the present
study and by other groups in breast cancer (2--5), Wilms tumor (7). non-small cell
lung carcinoma (43). rhabdomyosarcoma (7). Beckwith-Wiedemann syﬁ’drome
(31) and in stomach adenocarcinoma (28).

previously identified by genetic complementation experiments
(29). Reid er al. (30) have used a functional assay to localize a
11pl5.5 tumor suppressor gene that maps to this region in the
G401 cell line. It is interesting to note that the physical map and
contig of the BWSCRI-WT2 region described recently (23)
overlaps with our LOH region 1. Inversions and translocations at
chromosome band 11p15.5, associated with malignant thabdoid
turnors and Beckwith-Wiedemann syndrome (31), also overlap
with both regions of LOH in this study. It remains to be determined
whether a single pleiotropic gene or a cluster of tumor suppressor
genes play a role in the genesis of different cancers, possibly at
different stages of tumor development and progression.

In childhood wmors such as WT and embryonal rhabdomyo-
sarcoma, there is a strong bias toward loss of matemal 11p15
markers (32), suggesting the existence of an imprinted tumor
suppressor gene in region 1. Since LOH for 11p15 is a common
event in several adult tumors, a similar bias in allele loss could
also be expected in the latter. Although the existence of parental bias
towards LOH of 11p15 markers has not yet been demonstrated in
adult tumors. two genes that map to 11pl5, namely human
insulin-like growth factor Il gene (/GF2) and H19, are known to

be expressed monoallelically in adult tissues (33,34), suggesting
that genomic imprinting may be maintained in adult tissues. As
illustrated in Figure 4, several genes that map to the LOH region
1 are subject to imprinting. It has been suggested that deregulation
of imprinting may play a role during umorigenesis (35,36). One
model proposes that inappropriate methylation (hypermethylation)
silences one copy of a tumor suppressor gene (36). This could be
due to inappropriate activation of, or mutations in imprintor genes
(37). If the first ‘hit’ represents the non-expression of one of the
alleles due to the imprinting process, the second ‘hit’ may be
mutational or may result from loss of all or part of the
chromosome carrying the remaining functional tumor suppressor
allele, thereby fulfilling Knudson’s ‘two-hit’ hypothesis (38).
Hypermethylation as an altemative pathway for tumor suppressor
gene inactivation has been demonstrated elegantly for the
retinoblastoma (Rb/) (39), the von Hippel Landau (VHL)
syndrome (40), and the p16 tumor suppressor genes (37).

The other mechanism of altered imprinting that may affect
tumorigenesis involves a gene activation hypothesis (36) that
results in the reactivation of the silent allele due to the relaxation
or loss of imprinting (LOI). LOI mutations have been detected at
H1i9, IGF2, and to a lesser extent at pS7KIP2 in WT and BWS
(35). LOI of IGF2 has been observed in benign and malignant
breast tumors, in other adult and childhood tumors, and in a
subgroup of patients with BWS (35,41). IGF2 is a potent mitogen
with autocrine and paracrine effects, and the biallelic expression
and possible increased dosage of the growth factor may explain
the somatic overgrowth characteristics found in BWS patients
and may play a role in tumor development. Although /GF2 maps
outside the LOH region 1, the presence of novel genes that map
to region I that may have similar mitogenic effects cannot be
ruled out. p57KIP2 (42) is a potential tumor suppressor candidate
gene that maps to region 1. However, single strand conformation
analysis and direct sequencing of 20 breast tumors (with LOH)
and 15 breast tumors (without LOH) failed to reveal mutations in
the coding region of this gene (P. Kamnik er al., unpublished
observations).

The second hot-spot of LOH (region 2) in breast tumors is
defined by markers D1151338-D1151323, and spans a distance
of ~336 kb (22). Region 2 is centromeric to the putative W72 gene
(region 1) and overlaps with LOH regions previously described
for breast cancer (2) and non-small cell lung carcinoma (43).
Importantly. we have refined this region from 5-10 Mb described
earlier (2,43) to ~336 kb, with the highest incidence of LOH at the
marker D]7§1338. Previous studies (2.43), have only analyzed a
few markers, sparsely distributed in the region proximal to HBB.
Our study, therefore. is the first report of a detailed analysis of
markers proximal to HBB that has considerably refined the
boundaries of LOH in region 2.

We observed a significant correlation between LOH at the two
chromosomal regions and the clinical and pathological para-
meters of the breast tumors. LOH in region | correlated with
tumors that contain ductal carcinoma in sirv synchronous with
invasive carcinoma. This suggests that the loss of a critical gene
in this region may be responsible for early events in malignancy
or invasiveness. LOH at region 2 correlated with clinical
parameters which portend a more aggressive tumor and a more
ominous outlook for the patient. such as aneuploidy. high S-phase
fraction and the presence of metastasis in regional lymph nodes.
The association between 11p LOH. tumor progression and
metastasis that we describe is analogous to the observations made




in other epithelial tumors including breast cancer (3.6). For
example. LOH at 11p correlated with advanced T stage and nodal
involvement in non-small cell lung carcinoma (44) as well as
subclonal progression, hepatic involvement (45) and poor
survival in ovarian and breast carcinomas (3,46). Phillips et al.
(19) have shown that micro-cell-mediated transfer of a normal
human chromosome 11 into the highly metastatic breast cancer
cell line MDA-MB-435 had no effect on tumorigenecity in nude
mice. but suppressed metastasis to the lung and regional lymph
nodes. This further supports the observation that chromosome 11
harbors a metastasis suppressor gene. The integrin-linked kinase
gene (24) has been shown to induce anchorage-independent
growth and a tumorigenic phenotype in rodents. We have refined
the map location of pS9/LK, and placed this gene on the YAC
847a12 that spans the markers D//S1338 and D1151323. Thus,
PS9ILK is a tumor suppressor candidate for region 2.

It is not clear if LOH involving regions 1 and 2 act
independently or synergistically in breast umors. The identification
of two subsets of tumors that have lost either region 1 or region
2 suggests that LOH at the two regions occurs independently and
perhaps at different time points during breast tumor progression.
This is consistent with the possibility that at least two tumor
suppressor genes involved in the progression of breast cancer are
located on the chromosome 11p15.5-15.4. These genes may
function at distinct stages in the development and progression of
breast cancer; alternatively, different target genes may be
inactivated in different tumors. It is possible that specific subsets
of tumors are defined by the particular set of mutations that they
contain, which results in the clinical heterogeneity that is
frequently seen in breast cancer.

Chromosome 11p15 contains several imprinted genes and two
or more tumor suppressor genes. The fine mapping of this
intriguing chromosomal region should facilitate the identification
of novel genes, the evaluation of candidate genes and the
establishment of the mechanisms whereby they contribute to the
evolution of adult and childhood cancers.

MATERIALS AND METHODS
Patient materials and preparation of genomic DNA

Primary tumor and adjacent normal breast tissue samples were
obtained from 94 randomly selected breast cancer patients
undergoing mastectomy at the Cleveland Clinic Foundation (CCF).
Samples of these tumors and corresponding non-involved tissue
from each patient were collected at the time of surgery, snap-frozen
and transferred to -80°C. Clinical and histopathological features
of the tumors described in Table [ were performed by the
Pathology Department at CCF and were revealed only after the
LOH study had been completed. The breast tumors described in
Table 1 were classified according to the WHO classification (25).
Tumor grading described in Table 1 was based on the Scarff-
Bloom-Richardson method (25). DNA ploidy and S-phase
determinations were done using the fine needle aspiration method
(5). ER and PR status were done using the Ventana 320 automated
immunostandard and the modified labeled streptavidin biotin
technique (5).

An initial cryostat section“was stained with H&E stain to
determine the proportion of contaminating normal tissue, and
only DNA purified from specimens thought to be highly enriched
in tumor tissue was used for PCR. Generally we use tumor
samples that contain <40% contamination of normal cells. In
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cases where LOH is questionable, where possible, regions
containing a high proportion of normal tissue were physically
removed from the original block by microdissection followed by
DNA isolation. These improvements combined with the automatic
quantitation of results using the Genescan Analysis have given us
a better indication of LOH in tumor samples. Genomic DNA was
isolated from normal and tumor tissue samples as described
earlier (5) and quantitated by determining the optical densities at
260 and 280 nm.

Microsatellite polymorphisms and primers

DNA sequences flanking polymorphic microsatellite loci on
chromosome 11pl5.5 were obtained from the chromosome 11
databases and the Genome Data Base (GDB). Dye-labeled (FAM or
HEX: Applied Biosystems) primers were either obtained from
Research Genetics (Huntsville, AL) or synthesized as described
earlier (5). Only one primer in each pair was fluorescently labeled
so that only one DNA strand was detected on the gel. The physical
distances between the polymorphic loci were calculated based on the
sequence map of chromosome 11 (hitp:/mcdermott.swmed.edu/)
and the radiation hybrid map of James et al. (22). According to
their calculation, 1 CRgggg = 50.2 kb.

“
Polymerase chain reaction (PCR) and analysis of PCR
products using Genescan software

PCR of the DNA sequences was performed as described (5). PCR
products were analyzed on Seaguate 6% DNA sequencing gels
(Garvin, OK) in 1x TBE buffer in a Model 373A automated
fluorescent DNA sequencér (Applied Biosystems) which is a
four-color detection system. One pl of each PCR reaction was
combined with 4 pl of formamide and 0.5 pl of a fluorescent size
marker (ROX 350; Applied Biosystems). The gel was run for 6 h
at 30 W. During electrophoresis, the fluorescence detected in the
laser scanning region was collected and stored using the Genescan
Collection software (Applied Biosystems). The fluorescent gel data
collected during the run were analyzed automatically by the
Genescan Analysis program (Applied Biosystems) at the end of
each run. Each fluorescent peak was quantitated in terms of size
(in base pairs), peak height and peak area.

LOH analysis with Genescan
Fluorescent technology (5) was used to detect and analyze CA

-repeat sequences. The ratio of alleles was calculated for each

normal and tumor sample and then the tumor ratio was divided by
the normal ratio, i.e. T1:T2/N1:N2, where T1 and N1 are the arca
values of the shorter length allele and T2 and N2 are area values of
the longer allele product peak for tumor and normal respectively. We
assigned a ratio of 0.70 or less to be indicative of LOH on the basis
that tumors containing no normal contaminating cells and showing
complete allele loss would theoretically give a ratio of 0.0, but
because some tumors in this series contained an estimated
30-40% normal stromal cells (interspersed among the tumor
cells), complete allele loss in these tumors would give an allele
ratio of only 0.70. At least three independent sets of results were
used to confirm LOH in each tumor.

Statistical analysis

Clinical features of breast tumors are summarized as frequencies
and percentages, separately for each LOH region. The %2 test was
/
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used to compare these features between regions 1 and 2. All
statistical tests were performed using a 5% level of significance.
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Loss of heterozygosity (LOH) on the short arm of
chromosome 11 is the most frequent genetic alteration in
Wilms tumors, indicating that ome or more tumor
suppressor genes that map to this chromosomal region
are involved in the development of the disease. The WTI
gene located on 11p13 has been characterized but
mutations in this gene occur in only about 10% of
Wilms tumors. A second locus (WT2) at chromosome
11p15 has also been described in Wilms tumors but thus
far efforts to clone the WT2 gene(s) have been frustrated
by the large size (~10 Mb) of this region. Using a high-
density marker LOH analysis of 11p15.5~15.4, we have
refined the location of a2 Wilms tumor suppressor gene
between the markers D11S1318-D11S1288 (~ 800 kb)
within 11p15.5. We have also identified a second, novel
region of LOH that spans the markers D11S1338-
D11S1323 (~336 kb) at 11p15.5-p15.4. Thus a second
distinct locus, in addition to the previously defined WT2,
on chromosome 11p15.5, appears to play a role in the
development of Wilms tumors.

Keywords: Wilms tumor; tumor suppressor genes;
chromosome 11p15; loss of heterozygosity

Introduction

Wilms tumor (WT), a childhood kidney cancer which -

occurs in approximately 1 per 10 000 live births, is
responsible for about 400 tumors per year in the USA
(Young et al, 1986). The majority of cases are
diagnosed by 6 years of age, although rare cases have
been documented in adolescents and adults. The
inactivation of tumor-suppressor genes, by a two-hit
mechanism involving mutations and loss of hetero-
zygosity (LOH), appears to be a common event in the
development of Wilms tumors (Knudson and Strong,
1972). Several chromosomal regions, including Ilp,
11p13, 11p15 and 16q show consistent genetic changes
in tumor tissue (Grundy et al., 1995), suggesting that
multiple suppressor genes are likely to be involved in
the etiology of the disease. The association of Wilms
tumor with aniridia, genito-urinary abnormalities and
mental retardation (the WAGR syndrome), and
cytogenetically visible alterations of chromosome
I1p13 led to the identification of the WTI1 locus
(Franke er al., 1979). The characterization of homo-
zygous deletions observed in~individuals with WAGR
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and in tumors from sporadic WT patients enabled the
isolation of the WT1 gene (Bonetta et al., 1990; Huang
et al., 1990; Call er al., 1990; Gessler et al., 1990).
Analyses of WTI mutations in patients with Denys-
Drash syndrome (intersex disorders and nephropathy
coupled with Wilms tumor), established the WT1 gene
as an important tumor suppressor which also plaved a
crucial role in urogenital development (Pelletier er al.,
1991). However, extensive mutational analyses of WT1
in sporadic Wilms tumors indicates that mutations
occur at a frequency of only about 10% (Varanasi e:
al., 1994). A second locus on chromosome 1lpl5
(WT2) shows a high frequency of loss of heterozygosity
in Wilms tumors (Coppes et al., 1992). Furthermore,
linkage apalysis and cytogenetic rearrangements have
mapped the gene(s) for Beckwith-Weidemann syn-
drome (BWS) to 11pl15.5 (Ping et al., 1989). BWS is
characterized by hemihypertrophy, macroglossia, um-
bilical hernia, and an increased risk for developing
childhood cancers including Wilms tumors (Sotelo-
Avila and Gooch, 1976). Functional studies using
chromosome mediated gene transfer into the rhabdoid
tumor cell line G401 have also been used to map a
tumor suppressor locus to 11pl5 (Reid- et al., 1996).
Since positional cloning efforts to identify the target
genes on 11p15 are complicated by the large size of this
region (~10 Mb) and complexity of LOH, we have
refined the mapping of the WT2 locus by performing a
detailed LOH analysis of the 11pl15.5-11p15.4 region
using a high-density marker analysis of 38 informative
tumor DNAs. The earlier described WT2 locus, has
been refined from 2 Mb (Besnard-Guerin et al., 1996)
to ~800 kb. We have also identified a second novel
locus of approximately 336 kb, that is proximal to
WT2 and is also frequently lost in Wilms tumors. Thus
two distinct regions of LOH on chromosome 11pl5,
appear to play a role in the development of Wilms
tumors.

Results

To identify the smallest common deleted region on
chromosome 11pl5 in Wilms tumors, thirty eight
tumor DNAs and matching constitutional DNA
samples were assessed for LOH at 15 chromosome
11p15-specific polymorphic loci. These markers en-
compass the chromosomal sub-regions  11pl5.5-
11pl15.4, estimated to be ~8-10 Mb (James er al,
1994). LOH occurred in at least one marker on the
short -arm of chromosome 11 in 16 of .38 .(43%)

informative tumors. The results confirm that interstitial .

deletions and the loss of all or part of chromosome 11p’

are very common events in Wilms tumors. i $4¢251€} -
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Figure 1 Genotypes of thirteen representative tumors and the
smallest regions of shared LOH in Wilms tumors: Tumor
numbers are listed across the top. with the markers analysed to
the left. Open circles represent informative samples, with no
LOH: filled circles represent informative samples with LOH: ND
represents not determined and stippled circles represent non-
informative (homozygous) samples. The maximum area of LOH
is boxed for each LOH region in each tumor. The bars to the
right represent the extent of the proposed common regions of
LOH (region 1 and region 2). Tumors that exhibit LOH at region
I only. region 1 and region 2. and region 2 only are grouped
together

The genotypes  of the 13 representative Wilms
tumors (Figure 1), along with other tumors analysed
(data not shown), serve to identify and refine the LOH
regions on 1lplS. Figure 2 depicts the primary
genescan data of the four critical tumors 28, 40, 67
and 15, showing the restricted areas of LOH.
Interstitial deletions, examples of which were seen in
tumors 17, 28, 37, 32, 40, 25, 67, 15 and 21, (Figure 1)

.define the LOH breakpoints and provide a critical

description of the region. Two regions of LOH at
11pl15 can be identified. The telomeric region (region 1)
is encompassed by the markers TH and D11S1288 and
is defined by the LOH breakpoints in tumors 28 and 40
as identified using Genescan (Figure 2). Tumor 28
retained heterozygosity for HRAS, ECSI, TH and
DI11S1318, but showed LOH for the markers
D1181288 and DI115860. ECSI, is a novel gene that
we have recently mapped to the 11pl5 region (Paris et
al., in preparation). Tumor 28 was non-informative for
the marker IGF2 but retained heterozygosity for the
proximal markers DI11S988, HBB, DI11S1760,
DI11S1338, DI11S1323, DI1151997, D11S866 and
D1151331. Tumor 40 showed LOH at markers ECSI,
TH and DI1S1318 and was non-informative for the
markers HRAS and IGF2 and for the proximal marker
DI11S860. This tumor was heterozygous for all the

_ remaining markers including D11S1288. Tumors 28

and 40, therefore, refine the LOH Region 1 to a
distance of ~800 kb between the markers D11S1318
and DI1181288. Importantly, these results narrow the
region containing this tumor suppressor gene from
2 Mb reported earhen‘ (Besnard-Guerin et al., 1996) to
~800 kb. e

The more centromeric regton of LOH (reglon 2) is

defined by’ ‘breakpoints in :the .tumors :67 ‘and 15
(Figures 1 and 2).=Tumor .67 was heterozygous for

the markers HRAS, ECS1, TH, D11S1318, 'D1151288,
D11S988 and HBB and non-mformatxve for 4D118860
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Figure 2 LOH studies of normal (N) and tumor {T) Wilms
Aumor pairs. Genescans of samples 2§ and 40 (region 1) and
samples 67 and 15 (region 2) for the markers TH. DIISlJlS
D1IS1283, D11S360, D11S983. D11S1338, DIIS1323 and
D1151331 are shown. Arrows represent allelic toss. WI- non
informative for the marker. LOH represents samples that exhibit
loss of heterozygosity. Sumples showing LOH are boxed

apd IGF2. This tumor showed LOH for the markers
DI11S1760 and D11S1338 and was heterozygous for the
remaining proximal markers. Tumor 15 showed LOH
at the markers D11S1323, DI118§1997, D11S866 and
D11S1331. This tumor was non-informative for the
markers HRAS, IGF2, DI11S1318 and was hetero-
zygous at all the remaining markers. It is notable that
tumors 67 and 15 exhibit LOH at either D11S1338 or
DI11S1323. This suggests that region 2 is within the
interval that spans the markers D11S1338-D1151323
a distance estimated to be ~336 kb (James et al,
1994). We have mapped integrin-linked kinase
(pS9ILK) on the yeast artificial chromosome (YAC)
847a12 that harbors the markers D11S1338 and
D11S51323. PCR amplification of the DNA from the
YAC 847a12 with several different pS9ILK primers
produced the expected length fragments (data not
shown). No amplification products were observed from
a BAC DNA specific for the marker D1151323 or from
yeast DNA. Thus p59ILK is a candidate tumor
suppressor gene for this locus. pS9ILK was previously
mapped to the CALC-HBBC region on chromosome
1ip15 (Hannigan et al., 1997).

The data described indicate the presence of two
distinct reglons of LOH within 11p15.5-15.4. Five of
the tumors in the group studied, examples of which are
12, 19, 25, 35 and 45 (Figure 1), appeared to have lost

" both of the LOH regions on the chromosome 11p arm.

However, only tumors 35 and 45 in this group
appeared to have also lost the 11pl3 markers
(Coppes et al., 1992) suggesting the loss of the entire
11p arm in these tumors.

Discussion

We have identified two distinct regions on chromosome
11p15 that are subject t0"LOH in Wilms tumors. The
two LOH regions overlap with the LOH map that we
have previously described for breast cancer (Karnik et




“a thed998). LOH iavolving region 1 coincides with

regions implicated in the pathogenesis of rhabdomyo-
sarcoma (Besnard-Guerin ef al., 1996; Sait et al., 1994),
breast cancer (Karnik es al., 1998; Winquist er af.,
1993), ovarian carcinoma (Viel et al., 1992), stomach
adenocarcinoma (Baffa et al., 1996) and with a region
conferring tumor suppressor activity previously identi-
fied by genctic complementation experiments (Reid et
al.. 1996; Kot er al., 1993). Inversions and transloca-
tions at chromosome band 11pl5.5. associated with
Beckwith-Wiedemann syndrome and malignant rhab-
doid tumors (Sait et al.. 1994: Hoovers et al., 1995)
overlap with both regions of LOH in this study.
Importantly, we have more precisely refined the
location of the putative tumor suppressor gene in
region | from 2 Mb (Besnard-Guerin er al., 1996) to
800 kb. As illustrated in Figure 3, several genes that
map to this region are subject to allele-specific
imprinting (Reid et al, 1997) thereby raising the
possibility that the tumor suppressor gene that maps
to 11pl5.5 may be imprinted in a tissue-specific
manner. Given the size of LOH region 1. it is possible
that a single pleiotropic gene rather than a cluster of
genes may play a role in the genesis of different
cancers, possibly at different stages of tumor develop-
ment and progression. More extensive analysis and
isolation of the target gene that maps to this region will
be important to establish whether loss or alteration of
the same or different genes is,involved in each of these
cases. p57KIP2 and NAP% (Reid et al., 1997) are
potential tumor suppressor candidate genes that map
to region 1. However, single strand conformation
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Figure 3 Schematic representation of regions on chromosome
11p15.5-15.4 harboring potential tumor suppressor andfor
disease loci described in the present study and by other groups
in Wilms tumor, Beckwith-Wiedemann syndrome, Rhabdomyo-
sarcoma, breast cancer, non small cell lung carcinoma and
stomach adenocarcinoma. Several imprinted genes that map to
the WT2 region are boxed
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analysis and direct sequencing of Wilms tumors failed
to reveal mutations in these genes (Karnik er af,
unpublished observations).

In addition to the previously described WT2 locus,
we have identified a second region of LOH (region 2)
at 1lpl3 in Wilms tumors. This novel LOH locus in
Wilms tumors, is defined by markers DI11S1338~
D11S1323, which spans a distance of ~336 kb and is
centromeric to the putative WT2 gene, We have
narrowed this region from 5-10 Mb (Tran and
Newsham, 1996; Ali et al.. 1987) to ~336 kb, with
the highest incidence of LOH, at the marker
D11S1338. Integrin-linked kinase (pS9ILK) was earlier
shown to map to the CALC-HBBC region and was
shown to induce anchorage-independent growth and a
tumorigenic phenotype in rodents (Hannigan er al..
1997). We have refined the map location of p39ILK,
and placed this gene on the yeast artificial chromosome
(YAC) 847al2, that harbors the markers D11S1338
and D11S1323. Thus, p59ILK is a potential tumor
suppressor candidate for region 2.

These findings suggest the presence of two distinct
tumor suppressor loci on chromosome !ipl5 that
appear to play a role in the development of Wilms
tumors. The fine-mapping of these loci should lead to
the cloning of the target genes and the establishment of
mechanisms “that contribute to the development of
Wilms tumor and other childhood and adult cancers.

Materials and methods

Patient materials and preparation of genomic DNA

Constitutional and tumor DNA from—patients were
obtained for 38 Wilms tumor cases as described previously
(Coppes ez al., 1992). Thirty-three patients had unilateral
Wilms tumors and five had bilateral disease. The median
age at diagnosis was 3 years (range, 3 months to 14.7
years). There were 18 male and 20 female patients.
Constitutional DNA was_obtained from peripheral blood
leukocytes, lymphoblastoid cell lines, primary skin fibro-
blast cultures, or normal kidney tissue. Tumor tissues
taken for DNA and RNA analyses were directly snap-
frozen in liquid nitrogen.

Microsatellite polymorphisms and primers

DNA sequences flanking polymorphic loci on chromosome
11pl5.5 were obtained from the Genome Data Base
(GDB). The sequence analysis and characterization of the
new gene, ECS1 will be described elsewhere (Paris e? al., in
preparation). Dye labeled (FAM or HEX from Applied
Biosystems) primers were either obtained from Research
Genetics (Huntsville, Alabama) or synthesized as described
earlier (Karnik er al., 1995). One primer in each pair was
fluorescently labeled so that only one DNA strand was
detected on the gel.

Polymerase Chain Reaction (PCR} and analysis of PCR
products using genescan software

PCR of the DNA sequences was performed as described
(Karnik er al., 1995). PCR products were analysed on
Seaquate 6% DNA sequencing gels (Garvin, OK) in
I x TBE buffer in a Model 373A automated fluorescent
DNA sequencer (Applied Biosystems) which is a four color
detection system. One ml of each PCR reaction was
combined with 4 m! formamide and 0.5 ml of a fluores-
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wws auw tUs UM a4 JU W. LUNING electrophoresis, the
fluorescence detected in the laser scanning region was
collected " and ‘stored using the Genescan Collection
software (Applied Biosystems). The fluorescent gel data
collected during the run was automatically analysed by the
Genescan Analysis program (Applied Biosystems) at the
end of each run. Each fluorescent peak was quantitated in
terms of size (in base pairs), peak height and peak area.

LOH analysis with Genescan

To detect the presence and extent of LOH in the tumors,
we analysed constitutional and tumor DNA from each
patient for CA repeat sequences using fluorescent technol-
ogy (Karnik er al., 1995). In most Wilms tumors, LOH was
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